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1970s. Researchers concluded that with the addition of nanoparticles in the base fluids, heat transfer and the solar collection processes can be improved. Masuda et al. [7] discussed the alteration of thermal conductivity and viscosity by dispersing ultra-fine particles in the liquid. Choi and Eastman [8] were the first to introduce the terminology of nanofluids when they experimentally discovered an effective way of controlling heat transfer rate using nanoparticles. Buongiorno [9] developed the nonhomogeneous equilibrium mathematical model for convective transport of nanofluids. He concluded that
Brownian motion and thermophoretic diffusion of nanoparticles are the most important mechanisms for the abnormal convective heat transfer enhancement. The relevant processes are briefly described in [10] [11] [12] . Investigations in the nanofluid flows have received remarkable popularity in research community in last couple of decades primarily due to their variety of applications in power generation, in transportation where nanofluid may be utilized in vehicles as coolant, shock absorber, fuel additives etc., in cooling and heating problems which may involve the use of nanofluids for cooling of microchips in computer processors, in improving performance efficiency of refrigerant/air-conditioners etc. and in biomedical applications in which magnetic nanoparticles may be used in medicine, cancer therapy and tumor analysis.
Recently the researchers have proposed the idea of using solar collector based nanofluids for optimal utilization of solar energy radiation [13, 14] . Buongiorno and Hu [15] discussed the heat transfer enhancement via nanoparticles for nuclear reactor application. Huminic and Huminic [16] showed that use of nanofluids in heat exchangers has advantage in the energy efficiency and it leads to better system performance. Ramzan et.al. [17] Discussed effects radiation and MHD on Powell-Eyring nanofluid over a stretching cylinder with chemical reaction. Ullah et.al. [18] Studied theoretically the influence of thermal radiation and MHD on natural convective flow of casson nanofluid over a non linearly stretching sheet. Mustafa et.al. [19] Runge-Kutta fourth -fifth order method with shooting technique to explore the steady boundary layer flow of nanofluid past a vertical plate with nonlinear radiation. Numerical solution for steady boundary layer flow of dusty fluid over a radiating stretching surface embedded in a thermally stratified porous medium in the presence of uniform heat source was studied by Gireesha et.al. [20] . Recently, Ramzan et.al. [21] Analyzed the radiative Jeffery nanofluid with convective heat and mass conditions.
To the best of the author's knowledge, there seems no existing document about steady boundary layer flow of Powell-Eyring nanofluid past a stretching sheet with variable thickness in the presence of thermal radiation and heat viscous dissipation. Hence the aim of the present investigation is to examine the steady boundary layer flow of PowellEyring nanofluid past a stretching sheet with variable thickness in the presence of thermal radiation and viscous dissipation.
MATHEMATICAL FORMULATION
Radiative powell-Eyring nanofluid over an impermeable nonlinear heated stretching sheet with variable thickness is considered. An incompressible fluid is selected electrically conducting. A non-uniform magnetic field 
With boundary conditions 
Transformations are expressed as follows:
Incompressibility condition is satisfied identically and Eqs. (2), (4)- (6) and (9) take the following forms 
In the above expressions primes designate differentiation with respect toη . Where 
Eqs. (11)- (15) yield (See fig.1 ). (20) where 
SOLUTION OF THE PROBLEM
The governing equations for the present problem are transformed into a set of coupled nonlinear differential equations by applying similarity transformation. The equations (16) - (18) together with the boundary conditions (19) - (20) are integrated numerically by using Runge-Kutta-Gill method along with the shooting technique. This method is concisely outlined as below: (Ralston and Wilf [23] ). To start the integration it is necessary to provide all the values of 1 2 3 4 5 6 , , , , , y y y y y y at 0 η = from which point, the forward integration has been carried out but from the boundary conditions it is seen that the values of 3 4 7 , , y y y are not known. So, we are to provide such values of 3 4 7 , , y y y along with the known values of the other function at 0 η = as would satisfy the boundary conditions asη → ∞ to a prescribed accuracy after step by step integrations are performed. Since the values of 3 4 7 , , y y y which are supplied are merely rough values, some corrections have to be made in these values in order that the boundary conditions to η → ∞ are satisfied. These corrections in the values of 3 4 7 , , y y y are taken care of by a self-iterative procedure which can for convenience be called corrective procedure.
RESULTS AND DISCUSSIONS
In this section, we have presented the physical behavior of the velocity, temperature and concentration profiles for Temperature and nano concentration profiles show increasing behaviour for higher values of M, whereas decreasing behaviour for N. An increment in M produces higher Lorentz force (resistive force) which has the characteristic to convert some thermal energy into heat energy. Therefore the temperature and concentration profile increases. Furthermore, the opposite behaviour was observed for the effect of N . Physically, it justifies that higher value of N produce a reduction in the fluid viscosity. Therefore, less heat is produced due to frictional force. Hence, the temperature and concentration distribution decreases. temperature profile increases with an increase in the thermal radiation and Eckert number.
Furthermore, from the figure 9 and 10, it is observed that an increase in the Prandtl number results in decreasing the heat and mass transfer profiles. The reason is that increasing values of Prandtl number is equivalent to decreasing the thermal conductivities, and therefore heat is able to diffuse away from the heated sheet more rapidly. Hence, in the case of increasing Prandtl number the boundary layer is thinner and the heat transfer is reduced. The effect of Lewis number on concentration profile is presented in figure 11 . It is observed that concentration profiles decreases with increase in Le. To verify the accuracy of the numerical results, we compared our results with those reported by Akbar et.al. [24] and Malik et.al. [25] (for regular fluids) as shown in 
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